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An Example — The WIRE Test

# In Spring of 1998 the Wide Field Infrared Explorer (WIRE)
spacecraft was tested. Tlus was part of the Small-Class Explorer
(SMEX) mussions done by NASA Goddard.

% WIRE was a 3-axis stabilized, momentum biased spacecraft with the
instrument boresite primarily i the zenith dwection. The baseline
orbit was a 470 x 540 km sun synchronous orbit with a 6 PM
crossimng. It was designed to be a four month mussion due to lifetime
of the solid hydrogen dewar. It launched in February 1999,

= WIRE's nussion was to detect galaxies with unusually high star
formation rates “starburst galaxies”. Unfortunately the mnstrument
had a failure shortly atter launch. However the thermal system
performed flawlessly thus showing the success of the S/C thermal
test program and design. The spacecraft was used for several yvears
to tramn fhight ops persomnel.
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Step 1: Understanding the Flight
System

# Test Planming was begun late (—=ix month betore test).
Test objectives and configuration needed to be detfined
quickly in order to build GSE and develop procedures.

# SMEX Avionics Hertage from SWAS and TRACE.

< The first step was to review and understand the thght

design, modes, requirements, and environment.

WIRE s orbit resulted i a 60-90° Beta angle range.

From Febmuary to September there was no eclipse
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Orbital Summary
¢+ Hot Case - p=90°, 30 degrees
tilt back out-of-plane.
¢+ Cold and Satehold Cases -

B=90°, 15 degree tilt towards
sun.

i

+ Environmental constants
varied
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WIRE Temperature Limits

—_——— - -— - — — -gf-— — —f-— — - — — - — — —-gf-— — - — — - — — = — — = —
COMPONENT OFERATING SURVIVAL NI
LIMITS (L) LILITS (L) TURN- DM { C)

SOLAR ARRAYS B 5405 0 L0 HA
ACE -10+50 -20+a0 -2
BATIERY 0/+25 10730 0

gCs 1070 -0 -0
SFE 104450 -20/+a0 -0
S48 DA MPERS A0S0 004100 Ha
S0 HINGES =350 =00+ 100 A
TRAHSPOHDER -10/+55 -2H35 -2
ORI AHTEHNA S -Ta5+20 -BA/+30 HA
FEACTIOHN WHEELS -10/4+50 -20/+a0 &
SHITHT SENESD -404Ha0 40
VRO S H+43 -10y+50 ]

hio RIETOMETEER -30y+a0 -40+a0 -40
D55 HEAD -20+50 -E0+Ha0 ]
[55E -250 -30/+Ha0 20
CS5 -100M+70 -110:+80 -110
TOEQUEE BARS -2+Ha0 AT -0
STAE TRA CEER -2+ -30/+50 -20
ESE -100+50 -20+H50 -0
EARTH SEHS OF. HEAT S -45/+80 -54 -45
WIE - 15450 25,460 -5
PYED - 154450 -25/+a0 -5
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Ejectable

Cover
Star
Tracker
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The Problem With “Wattles™

Arvea of
Radiation
greater than

r".‘
*

NMILI MILI MLI opening.

This 15 hard to
quantify
before testing

solution: Design Radiators to end at Waffle walls and design clips
to ensure good close-out
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Upper Section

[Lower Section

T

Torquer

Mote: Wheels, DS5E, and ESE are still on the rud-deck
Bars but have shifted towards the +¥ axis.

Pyro is onthe +2+V+E panel.
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WIRE Components
(Upper Section)

——s-——-f-——--——-f-— — —f-—— - — - — — —f—— — —f—-— — - — — - — — —h— —

g Radiators
URESS ~— — / 1 denoted by
PENETRATION % :
FIRIS 5 / - .

Note: Gyro
Radiator on

Top Deck
under Dewar

Note: Wheels, DSSE,
and ESE are stillon
the mid-deck but have
shifted towards the
+¥Y axis

CRd
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WIRE Components
(Lower Section)

- —-f-——-f-——-f-— ——f-—— - ——— — —f—— — —f—— — - — — - — — —W— —

Note: Wheels, DSSE,
and ESE are still on
the mid-deck but have
shifted towards the

FVEOD iz on the
+E+V+E panel

+¥ axis
REadiators
denoted by
| blue
Side radiators
were originally
centers but were
moved to +7
accomino date

test set-np
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Chamber
selected tor size,
capability, cost,
and availability

JJJJJ
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Top View - WIRE Array Positions

——s--—————--———s—-——--——— - — - — - — - — — - —

This was a Key point in
the test set-up becanse the
radiators were partally
blocked by the solar array
in flight

8/21/05 TRAWWS

The SMEX Project’s philosophy was
to do both a hot and cold deplovinent
during the observatory level test,

Omni Antennas amd CSSs mounted
on Solar Airays

38 CEALIYED

%\%__..____/ 4
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Solar Arrays

e
L

Chamber was not large enough to accommodate lamps
(there was not enough tune to order/calibrate lamps
anyway ).

% To get S/A (Solar Array) temperatures at thght levels for

TB/TV test the ETU (Engineering Test Unit) Solar Arrays
with test heaters mounted to backside were used. The thght
deployment mechanizms and omni antennas were mstalled
on the ETU solar arrays.

Flight Solar Arrays cycled four more times m oft-line test.

Flight Solar Arrays, antennag, CSSg, deployment
mechanizms mstalled prior to cold deployment test.

% Heater panels developed to control S/A temperatures for

cold deployment.
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Back Radiators and Solar Arrays

e et e et e i S by et b by e ey S e et it e e

Solar Arrays
(in Blue) Heater plate
used 1n S/A
deplovment

(in Orange)

ERadiators
(In green)

ML shield
for Dewar

Gyro
Eadiator
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WIRE Heaters

s ———-———-————-———f—-———f———-f—— — - — - —-— — - — — - — — —g— —
Heaters Operate 25-

Compotient T'stat tem p ramge Pomer (@ 26 W = . Ry 3

Closs (oC) | OpemioC) | iWatts) Semsors 35V with <= 70% dllt}’
Operaticmal Cirornt: : M, N
e o [eswa] s |mmeerow | CYyCle. There was a goal
LACE B T A k2 T THM SRS, T CHAT 5 3 T
SPE -G H- 2 -3+ T THI{SHE, T CE4G tD DpEI Htﬂd Elt = ]' 1"
5C5 -8+ 2 -2+ 2 i THMSH11, T CH2 xre 0. .
Batt ery +2 H- 2 ++L 2 10.0 THN GG, T O .ﬁ ltllﬂut ]' 00 +0 dut}
Chros +Hi H- 2 +13 H- 2 Th THMERLZ TCRSD C}'C l E
E 1L P H-3 | -aaH-2 an TCH14
LCE SA -2 R T TCHES
PE A2 B R Th TCHS2
SCE B2 B in TCHG 1 5 =
Eaft ery +2 H- 2 +2+L 2 sn TCHL6. T HNSRT BPHCECIHﬂ -I‘Tl'lb
Chros +3 H- 2 +Hi+L 2 100 THIMZR1Z TCRSD 4
o A non-redundant
54 Damper Cirouit
508 Tamper (+3) +2+-2 | s+ 3N THREH
54t Dnmper (-X ) +14+-2 | B+ 3 30 THMSHE
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componemnt Foweer (i Watts) component F oweer (in Watts)
description Safehold | Cold Op |Hot Op  [description Safehold |Cold Op  [Hot Op
transponder 2.0 10.6 106 [RW1 2.0 4.1 4.1
SPE a7 T2 13.2 |RW 2 0.0 4.0 4.0
SCS 14.0 14.0 19.0 |RW 3 0.0 4.0 4.0
battery 256 3.2 3.2 RW 4 0.0 4.0 4.0
avio 0o 15.0 6.0  [torgue rod X 2.0 0.1 0.1
Shunt 0.0 1.0 240  [torgue rod Z 29 0.1 0.1
ACE 18.0 338 33.8  [torgque rod £ 248 .1 0.1
WIE 0o 282 244 |flight heater powers
Startracker 0o 11.0 12.0 |SPE 12.2W 1.3 W 00wy
Magnetometer 0.1 0.1 0.1 hattery 1T1.6W | 104w IRIRT
bDsS 0.1 0.1 0.1 WIE 10.0%Y 0.0 Wy 00wy
DSSE 0.6 0.6 0.6 ACE 121w 0.0 W 0.0
ESS +X 0.0 0.4 0.4 SCS 3.8 0.0 W 0.0
ESS X 0o 0.4 0.4 T 11.4WY 0.0 Wy 00wy
ESE WAES) 0o 2.1 2.1 Startracker .5 Wy 0.0 W 0.0
TOTALS 57.0 146.8 1650

a2 103 TEAYYS . Mosier NASA/GSFC 17




Summary Step 1: Understanding
The Flight System

¢ Identified radiator close-out issue. Began detailed
“wattle” study to define exact thght MLI pattern.

¢ Moved access panel radiators to avoid deployment test
mterterence.

¢ Summarized operational scenarios, limits, and orbat.
¢ Began compiling component qualification data.
¢ Enhanced design of dewar MLI.

¢ Determined that Gyro radiator could not have a
cryopanel because of space constramts.

¢ Defined szolar array 1zsues and plan.
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Step 2: Define Goals, Test Flow, and
Interface Issues

“ The secomd step was to get
representatives from each subsystem
and the mstrument together to detine
the test objectives. It was at this
powmt that it was found that it could
be detrimental to the instrument to be
present during spacecraft testing. If
the dewar seals failled then the
instrument would be contaminated
when the chamber was repressurized.
Alzo a lugh-fidelity dewar simulator

would allow thermal to conduct
IJﬂl'Hllletl‘iC studies. Hardware =1 Priority Cylindrical
Cold Plate Fabrication &
Painting of Dewar Siinulator

8/21/05 TRAWWS C. Mosier NASAIGSFC 1



WIRE Test Objectives
(System Level)

* Demonstrate that the observatory can operate satistactorily n all
functional modes for the nugsgion, at temperatures 10° C beyond the hot
and cold extremes expected on-orbit.

o (Confirm thermal mterface between the instrument sunulator and
spacecratt.

e Measure electronic component power diggipation at temperature extremes
under normal operating conditions.

* Perform thermal cycling to satisty GEVS requirements wherever possible.
* Demonstrate that a cold and hot power-ofi power-on can be done.

¢ Show that the spacecratt will operate zatistactorily after exposure to
survival temperatures.

e Perform an end-to-end WIRE mussion sumulation test.

¢ Deploy zolar arrays at predicted cold extremes. Note: the SNEX project
usually performed two solar arravs deployments (hot and cold). However due to fime
constraints and test set-up onlv a cold deployment was performed at the spacecraft
level

8/21/05 TRAWWS C. Mosier NASAIGSFC 20



WIRE Test Objectives
(I'hermal)

e Validate the thermal design of the WIRE spacecratt at hot, cold,
and safehold environmental extremes.

o Verity tlight heater operation and thermostat set pomts for both
the survival and operational heater buses.

e (Obtain thermal balance pomts to validate the spacecraft thermal
models.

e Determine qualitativelv the effect of the environment on the
dewar simulator.

e (Confirm the mterface conductance from electronics to
composite panels 1s acceptable.

e Verity the Star Tracker thermal design,

8/21/05 TRAWWS C. Mosier NASAIGSFC 2



WIRE Test S/C Configuration

#  Thermal Balance

¢ ETU Solar Arrays With Flight Hinges, Dampers, Mechanisms, and
Omni Antennag

¢ Pegasusz Ring Sumulator
¢ Cryostat Stmulator With Flight Ingtrument Electromcs (WIE)
+ All Other Components Are Flight Hardware
Thermal Vacuum - Same Configuration As Thermal Balance Except:
¢ Omm Hat Couplers and Star Tracker Stimulus
¢ Additional S/C Test Cabling
¢ Open MLI “Flaps” to Accommodate Test Cabling and Internal
TQCM
Cold Solar Arrav Deplovinent

¢ Flight Solar Arrays, Hinges, Dampers, Mechanisms, and Omni
Antennas

K

E
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WIRE Thermal Testing

Six Thermal Balance Points

¢ Dewar Sumulator Point 1 (sumulator uncontrolled with walls at -40° C)
¢ Dewar Siumulator Point 2 (simulator uncontrolled with walls at -90°C)
Cold Operational

Instrument/Spacecratt Interface Verification

C'old Safehold (heater checlk-out)

Hot Operational

W
T

&
+*
L
+*

Wil
i

Four Thermal Cvcles (16 hour soak time requirement)
¢ Cold Twn-on
¢+ Hot Turm-on
+ One Satehold Cold Plateau, Three Operational Cold Plateaus
+ Three Operational Hot Plateaus, One Decontamination Hot Plateau

# Cold Solar Arrayv Deplovment

8/21/05 TRAWWS C. Mosier NASAIGSFC 24



WIRE Thermal Balance Profile

i L e T e e e bl By o - i ey oy |

! ‘-.
Cryoslat Simulstar I’ .
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- mber Y )
— - — - — - Spacecrad | i i e
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BEATER CO
FLIHHEMED

| WIRE TB TEST|
PROFILE
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Bus Voltage
varied
accordingly
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Cumpunent power
measurements at

EACH platean

Levels based on
colrelated flight
predicts

Bus Voltage varied
accordingly
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Cold Solar Array Deployment

ke s e L e e s Dl e e e L s R A e e e L R

.................................................. WIRECold |
Solar Array
Deployment
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Overall Test Program

Spacecratt N EMI/ | Vibrationl—[  TR/TV
Testing EMC

Deployment
Instrument/ : .
= tegration
Telescope

End-to-End Test, Comprehensive, Acoustics/Mags
Properties

8/21/05 TRAWWS C. Mosier NASAIGSFC 2oh



Summary Step 2: Define Goals,
Test Flow, and Interface Issues.

¢ Met with project, mstrument personnel. and all system
engineers to define goals.

¢ [dentitied major 1zsue with having mstrument i test.
Devized a method of sumulating the dewar and began
designing/moditymg hardware.

¢ Uge of ETU Solar Arrays based lined tor TB/TV.
Flight Array qualification test planning begun.

¢ Selected balance cases and number of TV cycles.
¢ Determimed S/C Contiguration for the three tests.

¢ Created Test Timeline.

8/21/05 TRAWWS C. Mosier NASAIGSFC 2d



Step 3: Use Spreadsheet to Estimate
Sink Temperatures

#* Thermal Balance

¢ TTge the thight analysis results for worst cold, worst hot, and survival
cases. Generate heat flow maps tor all radiators, apertures, and
interfaces. Information needed: radiator/aperture sizes, coatings
properties used. abgorbed fluxes, and predicted temperatures.

¢ Perform spreadsheet calculations to determune approximately what the
sink temperatures need to be. When determining this take mto
account “bounce back” ettect for cryopanels. Make sure you match
flight and test temperatures AND heat flows.

= Thermal Vacuum

+ (Calculate sk temperatures needed to activate swvival thermostats
and to maintain temperatures at qualification limts to bound the
requirements.

8/21/05 TRAWWS C. Mosier NASAIGSFC #al



The Bounce Back Effect

= No surface is a perfect absorber (like space).

# The amount of energy transferred to a crvopanel or the

chamber is a function of the separation distance,
feniperatures, and surface properties.

LA e

LA wppe P opie

tufane ¥

Ea
EirA

fufane 1

"= op =P = pE = p P
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Energy Transterred to a Cryopanel
Preliminary Calculations

— - 4 —-74
Ql‘ﬁ{l-cp 0 A‘ﬂd Fl'ﬂd-cp (T rad 1 cp)
cp-cryopanel

V\f ll cI'c. rad-radiator

e / / —_ =1
FI'HEI-C]J ( 1 l 8[21] + 1 ! Sl'ﬂd 1 )

“Bounce Back™ may algo be tactor mn calculating
views to chamber depending on the distance between
the walls and test article.

See “Methods” Presentation _for plots on enerey transfer to
cryopanels reater plates

8/21/05 TRAWWS C. Mosier NASAIGSFC a1



Spreadsheet Sink Calculations

Ql'ﬂ(l-l:p 3 thfl;l{m{l 52 QSD]HI' i Qalbedo _I_QIR

[ or chamber)

= Verity “order of magnitude™ of environmental tluxes
obtamed m thight thermal model with cube
calculations. '

# Sum up abzorbed tluxes if multiple nodes were used
i the Thermal Model and area average radiator
temperatures.

= Backloading calculations may need to be mcluded.

# (Calculate temperature tor cryopanel or chamber wall
tor all phases of the test.

8/21/05 TRAWWS C. Mosier NASAIGSFC d2



Backloading Effects

Backloading should be compensated for
during thermal balance testing when:
¢ A component 1s not present.

¢+ A component can not be controlled to tlight
temperatures.

¢ A cryopanel or other test GSE 1s blocking the
view of radiators.

8/21/05 TRAWWS C. Mosier NASAIGSFC dd



WIRE Backloading

—_——— —-f-——-f-— — - — — - — — - ——————--——-f-— — - — — - — — —E— —
Heaters on Solar Entive Solar
Arrays temperatures Avrrav coiild fit

are flight like. \. into chamber
e e O
e B~ = \%\::::?"“-.

No Crvopanel on
Transponder

No Cryvopanel ox
Gyvro Radiator

v Cryopanel in front
of radiators with

%\\ y MLI closeouts
3&;_,_7 rof blocking flight view

of solar arrays

! 8/21/03 TEAWS C. Mosier NASA/GSFC 34



Location of Components

Arrvay Side

Xponder

Gyro (on

Top Deck)

SPE/Shunt SCS/WIE

Star Tracker

-X-Y Access (on Dewar) +X-Y Access

Fanel
Eamt Batterv/ACE

Anti-Sun Side

8/21/05 TRAWWS C. Mosier NASAIGSFC Jda



Results of Spreadsheet Calculations
Safehold, Cold, and Hot Balances

ESTIMATED CHAMBER - —— ESTIMATED CHAMBER
Ul sl s LAz ol TEMP. SETTING (IN KELVIN)
NO CRYOPANELS IN FRONT S T
WIE 17597 17597  188.18 WIE 18278  180.68  193.80|
ACE 149.95 149.95 216.25 ACE 6767  68.49 18463
SPE 17729 17729  187.95 S PE 183.89 182.96  193.99|
XPONDER 20275 202.75 247.48 XPONDER  257.31  262.21  306.37
sCs 17835 178.35  195.37 SCS 17959 177.25  192.33
BATTERY 16222  162.22  221.93 BATTERY 7022 7022  198.28
SHUNT 17789  177.89  195.57 SHUNT 18851 187.17  195.08
GYRO 11951 11951  107.11 GYRO 23102 231.75 25667
ESTIMATED CHAMEER
TEMF. SETTING [IN K ELWIM]
TE]I]PEI ﬂtluEE G400 2541.09 251.20 Zr0.a0 FD]_ h-_[L:[
. i . 51200 202.69 20273 2B 13
11 ]:H"'E]"'r]]l 1400 156.07 15610 e =3 “"’//

51800 15312 15318 702

2400 251.12 251.10 el S

S2200 184.23 18428 136,50

52400 16775 16772 211.96

S2e00 16E6.93 186.97 22.00

S2a00 121.72 181.86 195,710

ANERAGE 19122 131.24 i =

8/21/05 TRAWWS C. Mosier NASAIGSFC d6



Summary Step 3: Calculate Sink
Temperatures

= Summarized Radiator Areas, Absorbed
Fluxes. View Factors trom Flight Model.

= Calculated Average MLI Sink
Temperatures.

# Calculated Radiator Sink Temperatures
with and without Cryopanels (Accounting
for ““bounce back™).

8/21/05 TRAWWS C. Mosier NASAIGSFC a7



Step 4: Use the Information Obtain
to Define a Preliminary Test Set-up

= Looking at the average MLI sink temperatures chamber
temperatures were within GN, control range.

= The major mput to the Transponder was the back loading from
the solar arrays. The chamber temperatures listed above
produced only a small difference m between thight and test
energy balances. Therefore it was decided to not have a
Crvopanel in front of this radiator.

% There was no phvsical room for a crvopanel for the Gyro.
= Radiators on the +X faces (SCS/WIE and SPE/Shunt) were
within GN, control range. Sink temperatures were similar
enough for each “pan™ to have a single Crvopanel. These

cryopanels were removed prior to S/A deplovment test.

8/21/05 TRAWWS C. Mosier NASAIGSFC dd



Step 4 Continued

= Anti-Sun radiators needed LN, sink for cold cases and GN,
sink for hot cases. LN, Cryvopanels with heaters/flow control
were selected. The battery Crvopanel required separate
control to achieve desired temperatures in thermal vacuum.
The ACE and access panels were controlled together.

% Two cryopanels were used for the Star tracker. One for the
radiator and one for the aperture. In TV a stunulus was put
on the tracker and the aperture crvopanel was removed.

% There were only THREE Thermal Conditioning Units (TCU)
available for this test.

8/21/05 TRAWWS C. Mosier NASAIGSFC g4



Cryopanels and Cold Plates

Ttem Size Control

Battery cryopanel e R L2 with heaters
ACE cryopanel gk ot LIZ with heaters
- -T access panel i 15 G L2 with heaters
cryopanel

+3-T access panel T i LINZ2 with heaters
cryopatel

startracker shade ERE S L2 with heaters
cryopanel

Startracker aperture Bz LINZ with heaters
cryopariel

SCaWIE Cryopanel A (G2

=PEShunt Cryopanel 2457 = 167 (32

Dewar Simulation Cold | 187 diameter, 247 height | GIN2

Plate

Cryopanels chosen from existing hardware at Goddard

8/21/05 TRAWWS C. Mosier NASAIGSFC 40



WIRE Test Set-up

#  Cryopanels for all radiators except the gyro and transponder. These
two components will utilize the chamber wall ag their sink.

# Test heaters on components to:

+ Help achieve TV goals

¢ Provide protection

¢ Mamtain temperatures when instrument or S/C components are off
¢ Speed transgition to hot plateaus

¢ Simulate environmental fluxes (S/A, Mag. boom, Dewar,+Y MLI,
Pegasus sumulator)

¢ Provide zero-Q on cables and mounting fixture
#  Actively controlled Dewar simulator
“  thermocouples

8/21/05 TRAWWS C. Mosier NASAIGSFC 41
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S/A Deployment Test

% Access panel radiators were moved to allow the:-ze
cryopanels to remain during S/A deployment test.

+X Crvopanel removed prior to test.

W
i

W
I

Omuni hat couplers removed prior to test
Flight Arrays had to be installed.

¢ Since heaters could not be mounted to the tlight arrays an alternate
method of temperature control had to be devised.

HH

+ Large heater panels were designed to warm the panels to +30°C.

¢ Concerns about non-tlight gradients i the composite arrays led to
a detailed analysis to determine the proper size and heater circut
lay-out. Since thig piece of GSE wag not used in TV/TB there was
an extra month of tabrication schedule.
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Summary Step 4: Use Information to NAEA
Define a Preliminary Test Set-up

#* Determined control ranges for all radiators
* Selected existing cryopanels
* Began studies of solar array heater panel
% Started design of Cryopanel support structures
In less than three weeks there was a clear plan and action

itemns to complete long lead time hardware and to define
unknowns. Of course the work was just starting!
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The Next Steps

# Size test heaters on components usimg spreadsheet
# Detine test sensor locations and test MLI

= Work with project to ensure accurate power
measurements of all components during test

# Update tlight models with configuration changes

HH

Create detailed model of test set-up
# Perform test and thght analysiz with updated models.

# Complete component level test summary and set
prelimmary TV levels

% Detine contammation requirements & hardware
= Write test plan/procedure
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Hardware

* One of the most important job of the
thermal engineer 1s to ensure that the flight
and test hardware 1s build and 1nstalled
properly. Physically measure radiator areas
and MLI dimensions. Verity that the
analytical model and the hardware agree.
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Analytical Models

= Build ONE model for test and flight with
“Cases” defined 1n Variables 1. This way
if vou update a parameter (like a
conductance coupling) ALL analyses
will have the update. Using this method,
less errors are introduced and model
correlation 1s much faster.
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Other Areas of Concern that Led to
Additional Analysis/Testing

% Validation of Star Tracker Thermal Design.

# Magnetometer was not cycled to the required temperature
levels and had to be requalitied at the component level.
(Survival Lumait -40°C, Tested to -20°C, Cold Fhght
Predict -22°C).

= Paint fell ott the coatings ““coupon™ associated with the
dewar sumulator when subjected to vacuum. Dewar
simulator had to be cycled i vacuum prior to mstallation
on the observatory.

# Effect of solar mput on the Pegasus 1ing was questioned.
Another balance poimnt, a Pegasus ring parametric study,
was added.
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The Test

# Thermal Model and Test Data in Good Agreement.
# Flight Environment and Test Levels Independently
Veritied.
= TV Levels Bazed on Model Predicts with Test “"Oftzet™.
® Heaters
¢+ WIE Operational Heater Fairlure *
¢ Gyro Operational and Survival Thermostat Switched. *
¢ SCS Heaters Not Utilized.
One Thermal Controller on LN, Cryopanel/Heater system
Failed During TV Test.

= Deployment Test Successful, . .

e
o

e Action Reguired
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WIRE Test Data Heater Verification

e e e R A e e R e e T T e R
Component Measured | Power | Specified | Specified | Measured | Measured
Current |owasy | TUurn-On | Tum-0Off | Tum-On Turn-off
{ sy (Do ki) (Celedic - ot { Ce ke
Battery Operational 0.456 10 2.0 8.0 1.7 11.3
Battery Survival 0.240 5 2.0 8.0 1.8 1.3
Gyro Operational 0.325 T 6.0 13.0 2.4 8.4
Gyro Survival 0.500 10 2.0 8.0 Tl 14.3
ACE Operational 0.319 T 8.0 2.0 -T.1 -0.1
ACE Survival 0.350 T 8.0 2.0 -7.0 U
WIE Survival 0.255 B -11.7 5.5 -12.6 -7.3
Operational Failed

U — Heater tumed off. How ever, the exact temperature of turn-off was indeterminate
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WIRE Heater Verification - Continued

—_—s-——--—-——--———-——-———f—-— — - — - — — —-f-— — - — — —f— —
Gnmpnn ant Measured | Power EpEl:iﬁ ed EpEl:ifiE!d Measured | Measured
Current (W atts) Tum-0n | Tum-0n Turn-0On Turn-off
{frmp] [Celsing] {Celsie) Turh-cor { Ce ki
SPE Operational 0.351 T -8.0 2.0 -4.6 U
SPE Survival 0.348 T 8.0 2.0 5.0 1.7
SCS Op & Surv None| 5&5 -8.0 2.0 | The SCS Never Got Cold
Enough for Turn-on
ST Operational 0.770 17 -18.0 -12.0 -16.3 -10.7
ST Survival 0.826 17 -18.0 -12.0 -16.8 -11.7
S/A Damper =X 0.220 3 2.0 8.0 -1.2 1.2
S/A Damper +X 0.220 3 2.0 8.0 0.5 3.8

U — Heater turned off. However, the exact temperature of turn-off was indeterminate
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TB Data Versus Test Predictions

g Sl i Seoomob paspesn Shmeomny S T TR RS R TN B on Dt A e T Rl R Ra
SURVIVAL CASE COLD CASE HOT CASE
OESCRIPTION FREDICT eTA OELTE | FREDICT ATA, DELTA | PREOICT Ow A, CELTA,
SCS5 Baseplate -3 1 4 10 g -3 33 a0 -4
WWIE Bazeplate -13 -12 1] 12 13 1 g 42 4
ACEBaseplate 4 -3 1 15 14 1] 43 44 1
BAITERY Baseplata ] & 1] ] fi 1 16 14 2
SPEBazeplate 5 -3 I 1 3 ] a0 30 -1
SHUMNT Baseplate 1 2 1 4 fi ] k| 27 -3
#POMDER Bazeplate 1 3 2 a 10 1 44 42 4
GYRO ] ] 1] 16 15 -1 ar 34 -3
WHEEL ] 4 1] 14 10 -5 4 a3 -3
WMHEELS AC 1 1 i 14 10 -4 42 ar -
D55 head g -7 1 -1 -2 -1 20 a0 -1
D55E 2 z -1 15 10 -5 45 43 -3
EARTH SEMHSOR +% g 12 4 149 12 -2 GE 36 -8
EARTH SEMSOR-X 13 14 1 14 15 1 29 a2 -7
WNES i g 2 16 16 1] 46 47 1
PYRO -5 -5 1] g g 1] 40 43 3
hlG HEAD -10 -14 -4 -10 -14 -4 3 -1 -4
Orrni Aotenna 16 - 16 1] -16 -1 -1 12 14 2
ATORQUER ROO -1 z T g 1 41 44 3
YTORQUER RODO -3 -5 2 ] ] 1] < 42 2
ZTORQUER ROO 10 1 + | i] -3 29 40 1
ST HOLS NG -20 -16 4 ] 2 -2 18 14 1]
ST LIGHTS HAOE AE =36 =36 1] -1 -14 -3 -3 -5 -2
LOWER DECEK -awrage -13 -1 2 -2 1 3 42 45 -3
UPPER DECK awrage -3 -2 1 i ] -3 32 2f -G
RESISTOR PAHEL -4 -1 3 ] ] -3 a4 a2 -2
DENAR mainshell * - 105 -100 ] -103 44 4 -3 -4z 1]

® with no comecions to model to 3ccount for blanket area diferencas
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TB Heater Power Versus Predicts

s —-f-——--———-f-— - - -f-— — - — —-f—— — —-f-— — - — — —E— —
Description Cold Operational | Cold Survival
¥ Dty | Test Predict |% Duty |[Test Predict
Cwele | Power |Power |Cirle FPower |Power
=PE Operational Off 0 ] Off 0 1]
murvival Off 0 I 31%0 22 W L3
BC s Uperational Off 0 0 Off 0 0
s val Off I 0 Off 0 I
a1 Dperational Off 0 0 21 % SR el R
sl val Off I ] Off I a
Battery Operati onal 67 %0 6.7W [T2W [48% 45W [51W
murvival Off 0 100%:  [50W [53W
Gryro Operational Off 0 0 Off 0 1
aurwival Off 0 ] 100% | 100°W | 107 W
ACE Cperational Off 0 0 Off 0 I
murvival Off 0 0 Off I a
WIE survival Off ] ] 100% |50W |50W
Cperational Faled
TOTAL 306 W (3535 W
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Post-Test Flight Power Dissipations

8/21/05 TRAWWS

C. Mosier NASAIGSFC

—_——a--——--——-f-— — -f-— — —f-— — - — — - — — —-gf-— — - — — - — — = — — = —
Component decription POVWYER DIZZIPATION
SHRY CoLD HOT
SCE 195 195 19.5
W|E OFF 252 274
ACE 222 336 3.0
BATTERY 3.0 28 et
=ZPE .0 g.0 a.0
SHLURMT 5.0 3.0 10.0
RPORDER 4.7 4.7 .4
Y RO OFF 10.0 B0
Feaction wheel y 3.0 3.0 3.0
Reaction Wheels 4-C CFF 3 0 each 3.0 each Power
D=5 Head 0.1 01 0.1 :
D=5E 0.4 0.4 0E
Earth Senzor +X 0.5 0.8 0.8
Earth Senzor -X 0.8 = 0.5
W AES 0.8 0y 07
Py ro JFF JFF oFF
Magnetometer head 0.0s 0.05 0.1
¥ Torguer rod 0.1 0.1 0
Y Torguer rodd 0.3 0.1 0
Z Torguer Rod 0 0.1 0
Ztar tracker OFF B4 &l

111
Watts

ad



Thermal Design Margins

(Post Model Correlation, In Degrees Cels.:ius;:}

337

301

] smrv
1 cold
H hot

5CE WIE ACE BATIERY 5PE SHUNT XPONDER RO
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Thermal Design Margin - Continued

(Post Model Correlation. In Degrees Celsius)

i : : .
30177
2517
20177 i i (] suxv
i ] cold

15+ i H hot
1017

-

'] ol |

D55 HEAD DisE A RS PFYRO TORCRTE TWHEELS ETEODY

Iilarain 1z defined as lrmt ronns adjusted predict. Flight predicts were
adjusted by test comelation deltas whenever it was conservatove.
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The SPE Thermal Qualification History

= Limits —10/4+50°C operational, -20/ +6U‘~‘L ﬂ:lmwﬂl

= Operational and Survival Heater with Thermostat Set
Pomnts at —8/-2¢C.

% Tested to —20/+60°C 8 cycles with 4 hour dwells.
% Thermal Balance Test

¢+ (Cold Balance 3.2° € (%% Heater Duty Cycle
¢ Survival Balance -2.4°C 31% Heater Duty Cycle
+ Hot Balance 20.8°C (%% Heater Duty Cycle

FH

Model Predicts within 3° C of Data.

Four Cycles with =16 hr soak times, —10/40° C
e TV Cold-92"C,-109°C,-10.6 C,-11.8"C
¢ TVHot 4197 (C.45.3°C.403°C,43.7°C

e
A
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Summar\ of Results

= C mnpmnent Le& el T\ Perfm med per
GEVS.

= S/C & Instrument Electronics TV/TB
Test Conducted per GEVS.

= Temperature & Heater Power Margins
Acceptable.
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